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BACKGROUND OF THE INVENTION 
a) Field of the Invention 

5 This Invention relates to a process (or the dimerlzation of n-bulene. and more specifically to a process 
for dimerizing n-butene at a high conversion so that isooctene having a low degree of branching can be 
obtained with high selectivity. 

Isooctene having a low degree of branching is industrially useful compounds as a raw material for 
allcylphenols, intermediates for surfactants. It can also be hydrotormylated into an alcohol and then 
>o esterified with carboxylic acids. These esters are also industrially useful as raw materials for plasticizers 
which are suitable for use in vinyl chloride resins and the like. 

When isooctene having such a low degree of branching is used, the final products have good 
biodegradability and can give compounds particularly preferable from the environmental viewpoint. 

76 b) Description of the Related Art 

Isooctene is obtained by dimerizatlon of bjtene. Isooctene obtained by dimerization is generally a 
mixture of isooctene isomers having different degrees of branching and/or containing the ethylenically 
unsaturated bond at different positions. They are used as ir\\yc\!arB without distillation, i.e.. isolation. In 

20 particular, isooctene having a low degree of branching is indispensable as a raw material for final products 
of high biodegradability. Isooctene having a high degree of branching, however, is only available from the 
practice of the conventional XBChnolaq'*^ , resulting in inconvenience. For example, it has been 

pointed out that a low polymer having a high degree of branching has poor biodegradability and. when 
employed as a plasticizer In food wrap films made of vinyl chloride resin, is taken into the body. • 

25 As dimerization processes of olefins, processes making use of an anionic poiymenzation catatyst a 
cationic polymerization catalyst or a coordination polymerizing catalyst have been known for many years. 
Many of these known processes, however, relate to low polymerization of ethylene or propylene. Even if it 
is attempted to apply these processes for the dimerization of butane, catalytic activity is not observed at all 
or, even if some catalytic activity should be observed, the degree of branching of the resulting isooctene is 

30 too high to provide desired quality. 

Ni-containing Zlegler catalysts are used with preference to prepare isooctene having a low degree of 
branching because they are active or are superior in the quality of the butene dimer. Processes in which 
nickel is not used as a primary catalyst are also known. Different from the present invention, the reactions of 
these processes are all heterogeneous reactions. As processes for preparing a butene dimer having a low 

35 degree of branching, there have been disclosed, for example, the process in which butene is dimerized 
using ethylaluminum dichloride and ethyl-2-hexanoic acid trifluoride (Japanese Patent Application Laid-Open 
No. 36493/1981) and the process in which butene is dimerized using atkylaluminum chloride and a fatty 
acid nickel compound as catalysts (Japanese Patent Application Laid-Open No. 157510/1979). 

The catalyst systems, however, have extremely low activity in these processes. Reference is had, for 

40 example, to Example 6 of Japanese Patent Application Laid-Open No. 36493/'l981, where in the dimeriza- 
tion of mixed butene composed principally of 2-butene and n-butane, the conversion of the butene was 
66% in 2.5 hours and 75% in 5 hours. Reference is also had to Example 1 of Japanese Patent Application 
Laid-Open No. 157510/1979, where in the dimerization of mixed butene composed of n-butene. isobutene, 
n-butane, etc., the conversion of the butene was 60-80% in the reaction which lasted 5-7 hours. A long 

45 reaction time is therefore needed. Moreover, the selectivity to the dimer was not higher than 85%. 

Known processes also include those using a polyol. alcohol or aliphatic diol as a third additive. These 
processes, however, neither disclose nor suggest the use of a nitrogenate as an additive in a homogeneous 
nickei catalyst system, which is a characteristic feature of the process according to the present invention. 
Moreover, no substantial activity improvement Is observed in the conventional processes which require the 

50 addition of a third additive. 

When a catalyst other than nickel Is used, it is known to use a basic nitrogenate as a third additive. For 
example, Japanese Patent Application Laid-Open No. 29503/1975 discloses a process in which propylene is 
dimerized using a catalyst composed of potassium, copper and an aliphatic amine. Further, for example, 
Japanese Patent Applrcation Laid-Open Nos. 11801/1974. 11802/1974 and 11803/1974 disclose processes 

S5 in which an olefin is dimerized using an alkylaluminum halide, a nitrogenate and a tungsten compound. 
Even if these processes are applied to the dimerization of butene, no catalytic activity is however exhibited. 

On the other hand, Japanese Patent Application Laid-Open No. 118423/1980 discloses a process for the 
dimerization of an 1-alkene. in which titanium, an alkylaluminum halide and a nitrogen-containing Lewis 
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base are used. It is disclosed in this Japanese Patent Application Laid-Open No. 118423/1980 that the 
presence of the nitrogen-containing Lewis base can minimize polynnerized products of olefins such as 
propylene and permits selective preparation of a dimer. It is, however, to be noted that the process 
disclosed in Japanese Patent Application Laid-open No. 118423/1980 suppresses with the basic additive 

6 the catalytic activities of trtanium and the aikylaluminum halide. both known to have sufficient polymerization 
activity, and terminates the reaction at the stage ol the dimer. Namely, the selectivity to the dimer is 
improved but the conversion of the olefin drops significantly. The present inventors applied this process to 
butene. As a result, this process has been found not to be a fully advantageous process because it requires 
an expensive titanium catalyst in a relatively large amount, the catalytic activity is lower compared to that in 

10 the process known from Japanese Patent Application Laid-Open No. 157510/1979 and, if titanium and the 
alkyl-aluminum halide are used in greater amounts to improve the catalytic activity, the selectivity to the 
dimer drops. 

SUMMARY OF THE INVENTION 

ts 

An object of the present invention is to provide a catalyst system capable of exhibiting sufildent 
catalytic activity up>on dimerizing n-butene while using a nickel compound and an organoaluminum. 

Another object of the present invention is to provide a process capable of preparing isooctene having a 
lower degree of branching at a high selectivity while maintaining high catalytic activity. 
20 The present inventors have found that the co-existence of an amine or a quaternary ammonium chloride 
with a N-base Ziegler catalyst pemnits the dimerization while maintaining a low degree of branching and 
achievirtg improved characteristic activity. 

The present invention therefore provides a process for the preparation of an isooctene having a low 
degree of branching, which comprises allowing an amine which is represented by the foltowing formula: 

25 

wherein Ri, Rz and Rs irKJividually mean a linear or br^ched alkyi group having 1-20 cartjon atoms, an 
ally I group, a benzyl group, an alicyclic hydrocarbon residuum having 3-10 carbon atoms or a hydrogen 

30 atom, and/or a quaternary ammonium chloride to co-exist with a nickel compound and an organoal- 
kylaluminum as catalysts upon dimerization of n-butene. 

It is particularly preferred that the amine to be used is an amine of the atx^ve formula in which Ri and 
R2 are individually a linear or branched alkyI group having 3-10 carbon atoms, an ally! group, a benzyl 
group or an alicyclic hydrocarbon group having 5-7 carbon atoms, and R3 is a hydrogen atom. 

35 The co-existence of the amine and/or the quaternary ammonium chloride has made it possible to 
improve the catalytic activity by as much as 50% and to obtain a dimerization product at a high selectivity 
while maintaining the degree of branching low. The process of the present invention is therefore advanta- 
geous from the industrial viewpoint. 

40 DETAILED DESCRIPTION OF THE INVENTION 

This irwention is useful for the dimerization, low polymerization or oligomerization of n-butene. Cis- 
butene-2 and trans-butene-2 have sul>stantially the same reactivity and provide dimers of substantially the 
same degree of branching. Both butene-1 and butene-2 give a dimer having substantially the same degree 

45 of branching. These n-butene isomers can therefore be used as a raw material without isolation. Here, the 
term "the degree of branching" designates the number of methyl groups per molecule. For example, the 
degrees of branching of n-octene, 2-methylheptene and 3,4-dimethylhexene are 0, 1 and 2. respectively. 
Accordingly, the degree of branching of isooctene in which these three types of compounds are mixed, tor 
example, in the same proportion is 1 . 

60 The process of the present invention can be practiced even if n-butene, the raw material, contains 
paraffin hydrocarbons such as methane, ethane and butane, sulfur, inert gases such as nitrogen and carbon 
dioxide gas, and/or hydrogen. 

The nickel compound and organoalkylaiuminum. which are used in the process of the present invention, 
can be compounds known by skilled artisans. Examples of the nickel compound include nickel cartx>xylate 

55 compounds such as nickel acetate, nickel naphthenate, nickel octanoate, nickel 2-ethylhexanoate and nickel 
benzoate; nickel halides such as nickel chloride, nickel bromide and nrckel totiide; and readily-available 
nickel acetylacetonate complexes, nickelocene and nickel carbonyl. Of these, nickel cartx>xylates are 
preferred. 

3 
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On the other hand, illustrative! of the organoalkylaluminum compound include trialkylaluminum com- 
pounds such as trimethylaluminum, triethylaluminum. tri-n-propylaluminum, tri-iso-propylaluminum. tri-n- 
butylaluminum. tri-isOTbutylaluminum and tri-tert-butylaluminum; and alkylaluminum halides such as 
dimethytaluminum chloride,' methylaluminum dichloride. diethylaluminum chloride, diethylaluminum iodide. 

5 ethylaluminum dichlortde, ethyl aluminum dibromide, di-n-propylalumlnum chloride, n-propylaluminum di- 
chloride. di-iso-propyialuminuiTi chloride, iso-propylaluminum dichloride, di-n-butylaluminum chloride, n- 
butylaluminum dichloride, di-iso-butylaluminum chloride, di-isobutylaluminum bromide, iso-butyleluminum 
dichloride, di-tert-butylaluminum chloride and tert-butylaluminum dichloride. Among these, the aluminum 
dichloride compounds are preferred. 

70. in thei process of the, present, invention, the. nickel compound can be used in a range of 0.000001-0.001 

moles, preferably 0.00002-0.0002 moles based on the butene employed as the raw material. 

If the organoafkylaluminum is used too much in the process of this invention, the proportion of higher 
polymers increases although the yield t)ecomes higher. It is not preferable to use the organoalkylaiuminum 
in any unduly large amount. The amount of the organoatkylaluminum is. therefore, in a range of 2-100 

fs moles, preferably 5-50 motes based on the nickel compound. 

The amine used in the practice of the process of this invention is an amine represented by the following 
formula: 

NRiRsRa 

20 

Wherein Ri. Rs and R3 individually mean a linear or branched alky I group having 1-20 caibon atoms, an 

ally I group, a benzyl group, an alicyclic hydrocarbon group having 3-10 carbon atoms, or a hydrogen atom. 

Examples of such amines include primary amines such as methylamine. ethylamine. propylamine, 

isopropylamine. butylamine, amylamine. hexylamlne, heptylamine, octylamine. nonylamine, decylamine, 
25 dodecylamine. cetylamlne, allylamine and benzylamine: secondary amines such as dimethylamine, 

diethylamine, dipropylamine, diisopropylamine, dibutylamine. diamylamine, dihexylamine, diheptylamine. 

dioctylamtne. dinonylamine. didecyiamine. didodecylamine. dicetylamine, diailylamine and dibenzylamine; 

and tertiary amines such as trimethylamine, triethylamine, iripropylamine. triisopropylamine, tributylamine. 

triamylamine, trihexylamine, triheptylamine. trioctylamine, trinonylamine, tridecylamine, tridodecylamine, 
30 tricetylamine, triailylamine and tribenzylamine. These alkyi groups may be either linear or branched. Of 

these amines, secondary amines are particularly preferred. 

Illustrative amines having an alicyclic hydrocart»n residuum are preferably those containing 5-7 cart>on 

atoms. Examples of such amines include cyclopentylamine, cyclohexylamine. N-methylcyctohexylamine 

and N-ethylcycloheptylamine. 
35 The carbon number of the linear or branched alkyI group represented by Ri, Rs or R3. in the formula 

NRiRzRs is preferably 2-16. more preferably 3-10. most preferably 4-8. Accordingly, secondary amines 

having these cartx)n numbers are especially preferred. 

The boiling points of these amines vary in a wide range of from eO'C to 350* C, whereby it is possible 

to choose an amine having a boiling point which permits ready isolation of the amine from the target 
40 reaction product 

Aromatic amines such as aniline and dimethylaniiine; cyclic amines such as pyridine and piperidine; 
and even out of aliphatic amines, diamines and polyamines such as ethylenediamine, triethylenediamine 
and triethylenetetramine are not effective or. even if effective, give no substantial contribution. 

Examples of the quaternary ammonium chloride used in this invention include trimethylcetylammonium 
45 chloride, trimethyllaurylammonium chloride, tetramethylammonium chloride triethylcetylammonium chloride, 
tetraethylammonium chloride, tetra-n-butylammonium chloride, propylpyridinium chloride, n-laurylpyridinium 
chloride, and cetylpyridinium chloride. Of these, the pyridinium salts are preferred. As an alternative, the 
quaternary ammonium chloride may be added in the form of compounds which can form a quaternary 
ammonium chloride during the reaction. Examples of such compounds include n-lauryl chloride and 
50 pyridir>e as well as tributylamine and butyl chloride. 

It is to be noted that, among quaternary ammonium salts, bromides can bring about only small effect 
and iodides conversely lower the catalytic activity. 

Use of such a nitrogen-containing compound can improve not only the catalytic activity but also the 
selectivity to the dimerized product. The amine and/or quaternary ammonium chloride cannot bring about 
55 their effects to an appreciable extent if used too little but give deleterious effects on the reaction such as a 
reduction in the yield if added too much. They are. therefore, added in a range of 0.5-10 moles, preferably 
in a range of 1-5 moles to nickel compound. These amines and quaternary ammonium chlorides can be 
used either singly or in combination as desired. 

4 
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The nickel compound, organoalkylaluminum, amine and/or quaternary ammonium chtoride used In the 
process of this invention can be charged into a reactor as they are. It is however preferred to charge them 
into the reactor after dissolving then in an aliphatic hydrocarbon such as hexane. heptane, octane or 
decane, an aiicyclic hydrocarbon such as cyctohexane or decalin. an aromatic hydrocarbon such as 
5 toluene, benzene or xylene, or a Cg-Cie olefin as a reaction product. 

Regarding the reaction temperature in this invention, the reaction velocity becomes faster as the 
reaction temperature is raised. Unduly high reaction temperatures are, however, not prefen'ed as the 
catalyst system becomes unstable and the yield is lowered. Accordingly, the reaction temperature rnay 
generally t>e in a range of from -10' C to 100' C, preferably in a range of 10-80* C 
10 No particular limitation is imposed on the reaction pressure in the present invention. The reaction can 
be conducted at a pressure not higher than the vapor pressures of n-butene as the raw material, the solvent 
employed to dissolve the catalysts, and the like. 

The process according to the present invention will hereinafter be described in detail by the follovying 
examples. 

IS 

Example 1 t 

In a 200-mt autoclave, 2.5 g of heptane containing 0.06 mmol of nickel octanoate and 0.12 mmol of 
din-hexytamine and 1 g of heptane containing 0.95 mmol of ethylaluminum dichloride were charged at room 

20 temperature while exercising care to prevent mixing of air. While the contents were being stirred. 45.3 g 
(810 mmol) of butene-2 were charged along with nitrogen from a pressure resistant vessel. They were 
allowed to react at 46 * C for 1 hour and then cooled. Unreacted raw material, n-butene, was purged, so that 
reaction mixture was collected. The reaction mixture was treated with a 10% aqueous solution of sulfuric 
acid to inactivate the catalysts, A liquid phase was separated and then analyzed by gas chromatography. As 

25 a result, it was found that the conversion of butene-2 was 59.9% and the selectivities to Cs olefin and C12 
olefin were 95.7% and 3.3%. respectively. It was also detenmined that the degree of branching of the Cs 
olefin was 1.31. The results are summarized in Table 1. 

Examples 2-11 

30 

In example, a reaction was conducted in a similar manner to Example 1 except that the amount of n- 
butene and the amount and kind of the nickel compound and amine and the reaction temperature were set 
as shown in Table 1. The results are also given in Table 1 . 
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55 Comparative Example 1 

A reaction was carried out in a similar manner to Example 1 except for the omission of the amine. The 
results are shown in Table 2. The conversion of butene-2 was as low as 28.7%, which was about 50% lower 
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than the conversion achieved in Example 1 . 
Comparative Example 2 

s A reaction was conducted in a similar manner to Example 1 except (hat dihexylamine was not used and 
the reaction time was changed, to 3 hours. Although the conversion was improved to 58.1%. the selectivity 
to isooctene was lowered to 90.2%. The results are given in Table 2. 

Comparative Examples 3-8 

In each comparative example, a reaction was cpnducted in a similar manner to Example 1 except for 
the use of the aromatic amine, cyclic amine or tetramine in place of dihexylamine. The conversion of 
Putene-2 was at most 33% and was not improved significantly compared to Comparative* Example 1 in 
which no amine was used. The results are summarized in Table 2. 

16 

Comparative Examples 9-10 

In each example, a reaction was conducted in a similar manner to Example 5 except for the use of the 
diamine or imidazole in lieu of N-methylcyclohexylamine. The conversion of butene-2 was at most 31% and 
20 was not improved significantly compared to Comparative Example 1 in which no amine was used. The 
results are shown in Table 2. 

Comparative Example 11 

25 A reaction was conducted in a similar manner to Example 7 except for the omission of dioctylamine. 
The results are given in Table 2. The conversion of butene-2 dropped to 20.6% , which was less than a half 
of 51 .5% achieved in Example 7. 

Comparative Example 12 

30 

A reaction was conducted in a similar manner to Example 9 except for the omission of octylamine. The 
results are given in Table 2, The conversion of butene-2 was 18.5%, so that the catalytic activity was less 
than a half of that achieved in Example 9. 
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56 Examples 12-15 . 

In each example, a reaction was carried out in a similar manner to Example 1 except for the use of the 
quaternary ammonium chloride shown in Table 3. The results are summarized in Table 3. 
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Comparative Examples 13-17 

In each comparative example, a reaction was conducted in a similar manner to Examples 12-15 excejst 
for ttie use of the bromide or iodide instead of the quaternary ammonium chlorides. The results are shown 
in Table 3. The bromides brought atxDut small effect and the iodide conversely lowered the activity 
compared to Comparative Example 1 in which no amine was used. 
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Comparat-ve Example 18' 

Following the procedure of the. Example of Japanese Patent Application Laid-Open No. 29503/1975, 
dihexylamine was added to a catalyst composed of meta? potassium and copper powder and butene'2 was 
5 then reacted. No reaction whatsoever took place. 

Comparative Example 19 

Dihepty (amine (0.03 mmol) was added to titanocene dichlortde (0.06 mmol) and ethylaluminum 
10 dlchloride (0.9 mmol) and butene'2 (800 mmol) was then reacted at 45 * C for 2 hours. The conversion of 
butene-2 was as low as 6.0% so that no substantial reaction took place. 

Comparative Example 20 .'Co. 

75 Ethylene glycol (20 ui) was added to nickel octanate (0.09. mmol). followed by the addition of 800 
mmo\ of butene-2 and 1 .2 mmol of ethylaluminum dichloride. They were reacted for 2 hours. As a result, 
the conversion of butene-2 was 35.2%, the selectivity to isooctene was 93.7%, and the degree of branching 
of the isooctene was 1.35. No substantial advantages were therefore brought about over Comparative 
Example 1. 

20 

Claims 

1, A process for the preparation of an isooctene having a low degree of branching, which comprises 
allowing an amine, which is represented by the following formula: 

25 

wherein Ri . R2 and R5 individually mean a linear or branched alkyi group having 1-20 carbon atoms, an 
allyl group, a benzyl group, an alicyclic hydrocartx)n residuum having 3-10 carbon atoms or a hydrogen 
30 atom, and/or a quaternary ammonium chloride to co-exist with a nickel compound and an organoal- 
kylalumtnum as catalysts upon dimerization of n-butene. 

2, The process of claim 1 , wherein the amine is represented by the formula NRi RgR^ in which Ri and R2 
are individually a linear or branched alkyl group having 3-10 carbon atoms, an allyl group, a benzyl 

35 group or an alicyclic hydrocarbon residuum having 5-7 carbon atoms, and R3 is a hydrogen atom. 

3, The process of claim 1. wherein the nickel compound is selected from the group consisting of nickel 
carboxylates. nickel halides, nickel acetylacetonate complex, nickelocene and nickel cartx^nyl. 

40 4. The process of claim 1, wherein the organoaluminum compound is selected from trialkylaluminum 
compounds and halogenated alkylaluminum compounds. 

5. The process of claim 1, wherein the nickel compound is used in a proportion range of from 0.000001 
mole to 0.001 mole per mole of the starting n-butene. 

45 

6. The process of claim 1 , wherein the organoalkylaluminum is used in a proportion range of from 2 moles 
to 100 moles per mole of the nickel compound. 

7. The process of claim 1, wherein the amine Is selected from the group consisting of primary amines, 
so secondary amines and tertiary amines. 

B. The process of claim 7, wherein the amine is selected from the group consisting of di-n-hexylamine. di- 
n-heptylamine. di-n-octyiamine, N-cyclohexylamine. diamylamine. tri-n-butylamine. diethylamine, n- 
octylamine and N-methylcyclohexylamlne. 

55 

9. The process of claim 1, wherein the quaternary ammonium chloride is selected from the group 
consisting of iaurylpyridinium chiorkle, cetylpyridinium chloride, trimethylcetylammonium chloride and 
tetra-n-butylammonium chloride. 

12 
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ia The process of claim 7. wherein the amine is a secondary amine having 2-16 carbon atoms. 

11. The process of claim 1, wherein the amine and/or quaternary ammonium chloride are used In a 
proportion rage of 1-5 moles per mole of the nickel compound. 

5 

12. The process of claim 1. wherein the nickel compound, organoaluminum, amine or quaternary ammo- 
nium chloride is fed to a. reactor in a form dissolved in an aliphatic hydrocarbon, an alicyclic 
hydrocarbon, an aromatic hydrocarbon or a Ce -Ci e olefin as a product. 

70 ia The process of claim 1 , wherein the reaction temperature is in the range of from -10* C to 100* C, 

75 
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